Introduction
Cholera has throughout history wreaked havoc on the world's people and still remains a global threat, especially in African countries [1] [2] . By 2008, 179,323 (94%) of the reported 190,130 cholera cases and 5074 (99%) of 5143 cholera deaths reported to the WHO occurred in Africa [3] . In 2009, a total of 45 countries reported 221,226 cases and 4946 deaths; for both, >98% occurred in sub-Saharan Africa [4] .
In Guinea, Cholera has been first introduced during the course of the seventh pandemic in 1970 [5] - [7] . Since then the disease has been persistent in the country, with at least 8 years intermittent outbreaks, until occurring annually between 2003 and 2009 [8] . Before 1994, outbreaks of cholera were confined to the cities on the coastline; but now it is occurring over a very wide area of the country affecting a large number of people. In 2008, Guinea reported the fourth highest CFR 6.24% worldwide. Vibrio cholerae serogroup O1 biotype El Tor was the causative agent of all these outbreaks [9] . From 2000 to 2011, Guinea Ministry of Health officially reported a total of 19,712 cases and 865 deaths to the World Health Organization (WHO) [3] [10]- [18] . A lot of efforts have been put into cholera case management, and health education of the population in Guinea, but long-term intervention like improve water and sanitation which should be the mainstay of cholera control measures has been lax [19] [20] .
Cholera is most commonly caused by ingestion of water or food contaminated with fecal matter [21] [22] . The importance of fecal-oral transmission in cholera epidemics is also supported by recent time series models fitted to the endemic dynamics of cholera in Bangladesh [23] [24] . A recent study was focused on oral cholera vaccines as a tool to control cholera outbreaks and spreads in Guinea since the provision of safe water and proper sanitation remain out of reach in many low-income countries like Guinea, economy of which country remains one of the poorest in the world with a per capita GDP of US$ 560 [25] [26] . In case that the role of carriers in the transmission of cholera is overlooked, the areas hitherto invaded will be the potential foci of infection for a long period including a greater danger of continuous spread, with variable severity during sporadic and periodic outbreaks. The recent cholera outbreak in Guinea in 2012 that resulted in the reporting of a total of 7147 cases of cholera and 127 deaths: a case fatality ratio (CFR) of approximately 1.8% [27] was caused by a new generation of cholera strains-atypical variants of vibrio cholerae O1 El Tor. The new strains secrete a toxin severer than usual strains, creating a more virulent illness-with harsher symptoms and a higher infection rate [28] . In addition to human suffering and lives loss, cholera outbreak causes panic, disrupts the social and economic structure and can impede development in the affected communities due to its rapid spread and ability to cause large epidemics [15] [29] [30] .
This study is the first of its category to have placed special emphasis on purveying safe water and adequate sanitation to the community as well as the promotion of better hygiene as key factors to reducing the risk of future outbreaks of cholera, and, if those solutions are widely implemented, these measures could greatly improve health and socio-economic outcomes in Guinea. This paper aims to examine the prevention and control measures of cholera in Guinea.
Methods

Study site
The Republic of Guinea is located in West Africa, between 7˚ and 12˚ latitude north and 8˚ and 15˚ longitude west, with a coast line of 300 km on the Atlantic Ocean. It is bordered by Guinea-Bissau to the north-east, by Senegal and Mali to the north and north-east, by Côte d'Ivoire to the east and by Liberia and Sierra Leone to the south. The country features a tropical climate, alternating between dry seasons (from November to April) and rainy seasons (from May to October), depending on region and altitude. It should be noted that the country has one of the densest hydrographic networks in the area [31] . Guinea's population was estimated at 11,121,231 inhabitants in 2012, on the basis of estimates relying on the 1996 census and an area of 246,000 square kilometers (94,981 sq mi) [32] .
Data
The data on deaths and cases of cholera on an annual basis for the whole of Guinea (2000 to 2011) were ascertained from the WHO Official website (http://www.who.int/cholera/statistics/en/index.html). The data on deaths and cases of cholera outbreak occurred in Guinea from 02 February to 15 October 2012 were collected from daily notification of the infectious disease database established at the Guinean Ministry of Public Health. The public health system in Guinea features a pyramidal structure, comprising two national hospitals (teaching hospitals), seven regional hospitals, 26 prefectural hospitals, 8 communal medical centers, 390 health centers, and 628 health posts [33] .
In Guinea, cholera surveillance is included in national "Integrated surveillance system for disease and response". Cholera data are collected in health facilities by trained health care professionals and weekly sent to cholera surveillance focal points in each of the seven administrative regions. The Prefectural Department of Health compiles the data and then forwards them to the Regional Department of Health which summarizes and transmits it to the Department of Health Information at the Ministry of Health, where a team of scientific community and specialized health experts validate the data. This information is shared with other partners (WHO, UNICEF, NGOs) in a weekly base during the meeting of the Cholera Task Force. During cholera outbreaks, the health centers in epidemic areas are assigned as cholera transit centers, where suspected cholera patients are administered rehydration solution and cholera treatment. During the same period, the national crisis committee, chaired by the Minister of Health, meets once a week for an update on the cholera epidemiological situation [33] .
Case Definition During each cholera outbreak, the cholera index case is confirmed by a laboratory test. After the index case is confirmed by a laboratory test, subsequent cholera cases are identified by clinical diagnosis in accordance with the surveillance guidelines of the national "Integrated surveillance system for disease and response" at the Guinean Ministry of Health. The guidelines defined cholera cases as individuals over one year old who had had watery stools with or without vomiting. In non-epidemic periods, a cholera case is defined as an individual over one year of age who develops severe dehydration or dies as a result of severe watery diarrhea [9] .
Analysis To assess the morbidity and mortality burden due to cholera, we used the cumulative incidence rate and case fatality rate respectively.
The cumulative incidence rate was calculated as new cases of cholera occurring during a given time period divided by the population size during the same time period × 10,000.
We calculated the case fatality rate as the number of cases died with cholera divided by the clinically diagnosed cholera cases × 100.
We analyze the trend of cholera morbidity and mortality from 2000 to 2012 except for the year 2010 for which the data were not available ( Table 1) . The available cholera outbreak data in Guinea from 2003 to 2009 and that for 2012 were used to show the burden of cholera by geographic areas in Guinea. We also used the epidemic curve to display the course of cholera outbreak that occurred in Guinea in 2012. It is of immense importance to examine the difference of cholera incidence and case fatality rates between different areas of cholera occurrence in the country as well as the variation of incidence and the case fatality rates in different epidemic stages. The value in conducting such analyses is that the findings may serve as the basis for the decision making of how to prevent and control cholera among populations.
Results
Over the 12-year period ( Table 1) Table 2 shows the cumulative incidence and case fatality rates of cholera yearly outbreaks in Guinea between 2003 and 2009 by prefectures. The cities that registered the highest cholera case fatality rates by descending order were: Télimélé 40.4%, Lélouma 36.1%, Dabola 34.0%, Lola 29.7%, Kankan 26.6%, N'zérékoré 11.3%, Pita 9.7%, Kissidougou 9.3%, Dalaba 7.4%, and Guékédou 7.0%. Most of the lower case fatality rates were found in the prefectures of those administrative regions clustered on the coastal strip such as Boke, Kindia and the special zone of Conakry. As opposed to the case fatality distributions by prefectures, the cumulative incidence rate per 10,000 population was higher for Conakry and its surrounding administrative regions (Boke, Kindia) on the coastal strip than the remote regions like Labé, Mamou, Faranah, Nzérékoré and Kankan except for the city of Faranah and Gueckedou ( Table 2 ). The most affected area was Conakry where all the seven epidemics took place, followed by Dubreka and Coyah which had 5 epidemics each. Boffa and Forécariah, each underwent 4 outbreaks. Three outbreaks happened in Guékédou. Dalaba and Télimélé each had 2 outbreaks. As for 15 October 2012 (Table 3) , the Cholera outbreak had resulted in the reporting of a total of 7,147 cases of cholera and 127 deaths: a case fatality ratio (CFR) of approximately 1.8%. Cases and deaths were reported in 12 prefectures out of 34: Conakry, Coyah, Forecariah, Fria, Boffa, Dubréka, Boké, Mamou, Kindia, Kankan, and Kerouané. The largest incidence rate was found in Coyah, where the estimated incidence was 78.0 per 10,000 population, followed by Fria (43.4 per 10,000 population), Conakry (41.9 per 10,000 population), and Dubréka (25.7 per 10,000 population. Boffa and Forecariah closely had 17.6 per 10,000 population and 17.4 per 10,000 population respectively. Dabola had the lowest incidence rates estimated as 1.1 per 10,000 population ( Table 3 ). In contrast to the incidence rate, Case fatality rate contributed to the highest incidence rates in Dabola (15.4%) followed by Kankan (9.4%), Mamou (8.9%), and Forecariah (8.5%). Conakry supported the lowest incidence rates (0.5%) ( Table 3) .
(
Looking at the periods of high intensity from Figure 1 , a clear trend can be observed with cases increasing in week 29 (128 cases), peaking in week 34 (1152 cases). After week 34, the cases started dropping gradually throughout the week 41 (41 cases).
Discussion
Cholera is still a life-threatening disease in Guinea with frequent outbreaks and the reporting of sporadic cases throughout the year. This study raised an important point, the case fatality rate showed somewhat increasing trend over time which may be likely imputable to the inaccessibility of much of the country, the lack of health care services in places and the general unpreparedness for cholera outbreak. This premise is also sustained by the latest cholera outbreak in Guinea, in 2012, where the differences in case fatality rates between the relatively well-serviced National Capital city of Conakry (0.5%) and more remote prefectures such as Dabola (15.4%).
Other relevant findings of this study is the increasing temporal trends in the cholera incidence rates in Guinea; on the other hand, Conakry and the surrounding regions on the coastal strip are the hub and the starting point of cholera outbreaks from where the disease spreads to the remainder of the country. These findings suggest that a great deal of people continue to have inadequate or no water and sanitation. It is reported that more than one in seven children under five die each year in Guinea, many from diseases caused by the lack of hygiene and the poor quality of water [34] .
Despites the proximity to cholera high-prevalence countries such as Sierra Leone [35] - [37] , internal displacement and sub-regional instability [38] which can entail the spread of the disease, a number of common factors suggest possible sustained transmission and spread of cholera across the country. Continuous daily influx of traders and rural poor migrating to urbanized and commercialized cities with the hope of better life where sani- Cases tation is drastically lacking has led to the creation of many open uncontrolled dump sites very close to community centers. In these public refuse dumps are discarded significant human excreta from disposable diapers, roadways, streets, and areas which are swept by public sweepers. Etiological studies have proved that V. cholerae survives well in faecal specimens if kept moist [39] . Newspapers often report that in Conakry there are many dwellers whose waste from public latrines are dumped in nearby rubbish tips or linked to a sewage system or directly into the sea [40] [41] . In the period of cholera outbreak, runoff water from open dumps sites during downpour may drain the bacteria into nearby wells, streams and surface water bodies. Since there has been no systematic water quality surveillance to date in Guinea [42] , during such periods, the transmission of the bacteria can be perpetuated when people exploits these contaminated water bodies for cooking, drinking, bathing and other daily activities. In 1992, in Guinea, about 50% of people with access to piped water reported using well water as their primary alternate source of drinking water when the system is not working [43] .
Another reason which drives cholera spread in Guinea might be attributed to fish trade. In coastal areas of the country, including the capital, Conakry, fish has been proved to be an effective cholera host, passing it on through their faeces at markets across the city [42] . The coastal link of cholera as an estuarine reservoir for V. cholerae has been established previously [44] . This analysis also demonstrated that the latest outbreak of cholera in Guinea in 2012 had a seasonal pattern of occurrence with peak of disease observed in the rainy season. Similar peaks have been seen in previous years [45] which seem to be probably epidemiologically relevant. The abundant precipitation in the rainy season likely facilitates transmission of infectious V. cholerae in the densely populated areas in the same insalubrious situations as described above should have led to cholera peak. Average annual rainfall in Conakry is about 4.2 meters [46] . There has also long been a clear connection between the epidemic peak of cholera and the amount of rainfall, as truly as the weekly number of cases of cholera during the rainy season (July-August) in Guinea [19] . Cholera appears to mostly affect populations living in low-lying flat areas especially those with high water table and where the water is brackish [20] [47] .
Our study has some limitations. The number of individuals affected might be often underestimated due to the reporting bias or poor laboratory facilities for diagnosis in the remote areas. At some point in the past due to socio-political turmoil [48] - [50] , the normal collection of health data may have been interrupted which could result in underreporting of cholera cases and deaths. In addition, WHO has observed an incomplete notification of cholera cases and poorly functioning surveillance systems in some parts of the world (particularly in Africa) contributing to the underreporting of cases [51] To minimize the risk of cholera infection, the following measures are recommended: Giving the communities improved water quality and proper sanitation systems. Specially, as interventions to make people accessed to safe water systems in developing countries indicated that these can be implemented at low cost [52] . Add to the above recommendation, proper management for the collection, storage and disposal of refuse from domestic and street should be instituted. On-going disease surveillance and early reporting of cholera cases will facilitate epidemiological investigation and outbreak detection. Measure should be taken to enforce food and environmental regulations so as to maintain a high standard of food safety, and to provide trainings for food handlers. Close sub-regional collaboration and monitoring of cholera outbreaks in neighboring countries should be constituted to avoid cross-border spread. Raising the awareness of general public about the risks of cholera infection through various channels and promoting the importance of good personal hygiene will be of great importance.
Conclusion
In summary, cholera is an important health problem in Guinea. Any earnest attempts to improve water and sanitation alongside with promotion of good hygienic practices will likely ward off the threat of cholera in the country.
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